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INTRODUCTION
The process of bringing new products to market is a key area in business research and practice (Hauser, Tellis and Griffin 2006) . At an aggregated level, the market performance of a new product usually follows a bell-shaped curve that will finally decay due to the saturation of market potential (Geroski 2000) . Following this notion, scholars have built on and extended the Bass model (Bass 1969) to explore many NPD issues of interest, as summarized by Mahajan, Muller and Wind (2000) , Meade and Islam (2006) , and Peres, Muller and Mahajan (2010) .
However, a new product's commercial potential is not guaranteed, because the market performance of a new product is complex, multifaceted, and exposed to a wide range of influences (Mahajan et al. 2000) . In particular, the strategy and e-business literatures have recognized the significant role of business models in connecting a new product's potential with the realization of its commercial value (Li 2007; Amit and Zott 2012) , since business models determine the rationale of how firms generate profit from the new product. More specifically, business models that target different customer segments through different channels with different monetization strategies would inevitably influence the market performance of new products.
Therefore, as one of the key elements that define the context of NPD, the role of business models should not be neglected.
For instance, two significant changes have affected the business models in a wide range of industries, which could in turn affect the validity and effectiveness of traditional NPD models. Firstly, while the existing NPD literature predominantly focuses on durable goods (Barczak 2012), the world economy has shifted from one based on goods to one that is increasingly service-oriented (Eichengreen and Gupta 2013) . Even for durable goods, many firms increasingly sell temporary or periodic access to a product rather than selling it for one-time revenue, in order to generate recurring profit and build brand loyalty (Rust and Chung 2006) .
Examples include Internet/telephone/mobile network providers, software/music/movie industries, business consulting firms, and rental services for various durable goods such as cars and laptops.
Even aircraft engines nowadays can be paid for based on the flying miles, or purchased as a service from General Electric or Rolls-Royce.
Secondly, it is now common practice for firms to offer customers multiple options to access their product, in order to satisfy different customers' needs and maximize market potential.
Adoption options can be differentiated via product features, distribution channels, payment methods, and price. For instance, the freemium business model offers a free version of a product as well as a premium version with advanced features. Mobile network providers usually provide customers with pre-paid and post-paid services. More notably, the issue of cannibalization between online and off-line sales has been emphasized by a number of scholars, such as Deleersnyder, Geyskens, Gielens and Dekimpe (2002) and Biyalogorsky and Naik (2003) . In such business models, adoption options for a single product are likely to influence each other's market performance and the market performance of the product as a whole.
Since ever-fewer firms rely on the traditional retail model to sell products through a single channel, NPD studies should evolve in order to match the shift of the NPD context from traditional business models to the new models. However, little effort has been dedicated to align and calibrate existing NPD models to the changing context. This study reinterprets and extends 4 prior Bass-type NPD models, in order to apply them to service products with multiple adoption options which allow customers to adopt different versions of the products with different payment methods and amounts. By explicitly setting the model parameters according to the attributes of the studied cases, this paper seeks to explore the feasibility of explaining, assessing, and predicting the market growth of new products in the contexts of three business models: subscription, freemium, and pre-paid and post-paid.
Three cases are employed for the empirical analysis. The first case is a service product that employs a subscription business model. Service providers often differentiate their products in regard to technological advances in order to satisfy different customers' needs. The studied product here has evolved through multiple generations that can be selectively adopted by customers. The second case is a typical example of the freemium business model, which offers free and premium versions of the product to target different customers. The final case is a mobile network service, which provides post-paid and pre-paid options for customers. The primary objective of the empirical analysis is to examine the performance of the Bass-type models in terms of model fit and forecasting. More specifically, this paper assesses whether the extended Bass-type model is capable of providing accurate description, prediction, and corresponding analysis to NPD cases under the business models of interest. The suggested model and its results also provide useful implications for those who are not familiar with modelling techniques. For instance, this study demonstrates the importance of the distinction between adoption options and customers' dis-adoption behaviors in the process of NPD, and encourages future research to further study the impact of these factors on NPD.
The remainder of the paper is structured as follows. Section 2 reviews the related literature.
Section 3 proposes an extended Bass-type NPD model according to the contexts of the business 5 models employed in the empirical analysis. After the employed cases are presented in Section 4, Section 5 offers empirical analysis of the model's performance. Finally, Section 6 concludes this study.
LITERATURE REVIEW OF BASS-TYPE NPD MODELS
Most prior research using diffusion models has been based on the model framework developed by Bass (1969) . The Bass model employs two main drivers for modelling the rate of diffusion. One driver is constant through time, which is mostly explained as the innovation effect or the mass media effect. The other driver is dynamic, subject to the number of existing product users, and can be referred to as the imitation effect, the word-of-mouth effect, the social conformity effect, or the network effect (Robinson and Lakhani 1975; Ansari, Fiss and Zajac 2010) . The discrete analogue of the Bass model can be written in the following form:
where is the coefficient for innovation; is the coefficient for imitation; is the market potential of the product; is the market growth at time ; and indexes the cumulative number of users.
Although the Bass model was developed for the aggregated market growth of a product category, it serves as the conceptual foundation for many subsequent NPD models. One significant development is the introduction of the marketing-mix variables -price and advertisement. In particular, the generalized Bass model (Bass, Krishnan and Jain 1994) reliably captures the influence of price and advertising on market growth. The model can be explained in the form of Equation (2), and index the quantified price and advertisement, 6 respectively, of the product; and are the corresponding coefficients for the influences of price and advertisement on the market growth.
(2) (
Although a product can have a monopoly in the market at the beginning, it may quickly attract competing brands. The main body of the literature suggests a Bass-type model for the competitive NPD phenomena (Peres et al. 2010) , stating that the market growth of each brand is driven by its respective mass media effect, and by the combination of within-brand and crossbrand influences. A generalized form of those models can be explained by either of the two equations below, the difference between which is whether the brands' market potentials overlap
In Equations (3) and (4) (2007)) and the legalpiracy relationship (e.g. Givon, Mahajan and Muller (1995) ) usually have a similar format to equations (3) and (4).
In addition to the above, Bass-type NPD models have been used for a wide range of other topics related to new product growth. Examples abound. For instance, Norton and Bass (1987) and Mahajan and Muller (1996) extend the Bass model in distinct ways for multigenerational products; Chung (2011) studies online buzz activities using the Bass model framework; by differentiating product users into imitators and influencers. To conclude, our literature review ascertains that Bass-type models are the most cited and used models to understand and predict the market dynamics of new products. Therefore, this research extends the original Bass model with new variables to examine its ability to explain market growth of new products under certain business models, and its ability to forecast how the market will evolve. It is expected that this study could further extend the applications of Bass-type NPD models, and offer insights that have not been captured by prior studies.
AN EXTENDED BASS-TYPE MODEL
Time is discrete and indexed by . Consider a product that is new and monopolistic in the market. The product has adoption options in the market, which are differentiated regarding 8 feature, functionality, payment method, payment amount, distribution channel, etc. The market growth of each adoption option is driven by the innovation and imitation effects as suggested by the Bass framework. In particular, different adoption options could be either competitors or complementors, influencing the market performance of each other. In addition, the respective price and advertisement of different adoption options could further influence the market dynamics of the product.
Let be the number of new users of the adoption option. Based on equations (1), (2), (3), and (4), the paper proposes an extended Bass-type model for the given context. The discrete time form of the suggested model can be explained in equations (5) and (6), and the difference between the two is whether the adoption options of the product share an overall market potential (i.e. Equation 5) or not (i.e. Equation 6).
In equations (5) (5) and (6) is derived from the generalized Bass model (Bass et al. 1994 ) to explain the influence of price on the market performance of the corresponding adoption options. And finally, this study introduces as the churn rate. Note that when ( ) , the inter-influence between adoption options, the influence of price on market growth and users' dis-adoption behaviours are excluded, then the suggested model reduces to the original Bass model.
Although Bass-type models have often been used for service products, the existing literature has not reached a conclusion on modelling churn rate (i.e. ) in the NPD process. In some simple cases, a constant can be used, which means users of the product have a relatively stable life-cycle. In the extreme case, indicates that once users have adopted the product, they will use it for a relatively long time (e.g. durable goods in most prior NPD studies). In some other cases, the churn rate could relate to the growth rate of the product. That is, the more users actively use the product, the fewer the number of users who dis-adopt. And more complicatedly, the churn rate may be decided by a combination of the above and other factors. Furthermore, this study considers and as variables rather than constants in equations (5) and (6), since the ceiling on the number of users of a product is usually dynamic in real cases. For instance, Mahajan and Peterson (1978) report the influence of demographic factors on the market potential; multigenerational diffusion studies (e.g. Norton and Bass (1987)) often consider that the market potential of a later generation is related to the dynamic user base of its predecessor due to user upgrading. Kim, Chang and Shocker (2000) also find that the market potential of a product category could be influenced by the market growth of related product categories. To cover each of these possibilities, the empirical analysis will consider and model the churn rate and the dynamic market potential in various scenarios. The second case is an instant messaging (IM) service, which was released in 1998 by Tencent Holdings Ltd. As the product is tailored for the regional culture, it has a de facto monopoly in the regional market. The IM service is commercialized through a classical freemium business model: it can be used for free, but it charges for value-added services that enhance user experience. Those Internet-based value-added services (IVAS), including club membership, avatar, personal spaces and communities, online music and dating services, can
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give premium users advantages in the virtual community and are the source of most of the firm's profit.
The last case is a mobile network service. The studied network provider is owned by the state government. Due to the best network coverage in the country and substantial protection from the government, it has a dominant role in the regional market. The business model of the network provider has evolved during the studied time period: it only offered post-paid service in the early years. Then it introduced pre-paid service (also known as pay as you go) in 2000.
Compared with post-paid service, the pre-paid service has less obligation and lower cost for lowusage patterns, but it could be limited in certain aspects (e.g. no roaming service) and more expensive for heavy usage patterns.
This study gathers all the available market growth data from the corresponding companies' interim and annual reports (see Table 2 ). This study also obtains the price/revenue data for the three cases in the corresponding time periods, which can be seen in Figure 1 .
EMPIRICAL APPLICATIONS

Model and Parameter Setting
By considering adoption options, price effect, and customer dis-adoption, the extended Bass-type model takes the business models of the three cases into consideration (see Table 3 ).
First, all three cases offer multiple adoption options, which are set by the business models.
However, the underlying relationships between the adoption options differ. In the case of the radio/TV license, the three adoption options are substitutional in nature and do not involve direct competition (i.e. color TV is significantly more advanced than b/w TV and radio, so they tend to target different market niches). Therefore, the model parameters for this case are set according to the notion of the classical multigenerational NPD model of Norton and Bass (1987) . More specifically, the subscribers of one generation become the potential users of the following generation, and the model excludes the competition effect between adoption options (i.e.
( )
).
In the remaining two cases, the adoption options for each product have similar functions, so they are essentially market competitors. For simplicity, in the case of the IM service, this paper assumes that the free version and the premium version receive the same level of influence from the firm's mass media effort, thus . indicates that potential free users are 13 influenced equally by free and premium users, as they contribute equally to the network effect; while , because potential premium users can easily observe the advanced utility of the premium version, therefore receiving further influence from premium users. For the mobile network subscription, the model uses similar settings with the IM service, with the difference of and , under the assumption that the post-paid and pre-paid subscribers contribute equally to the network effect.
Second, the payment methods and payment amounts differ between the adoption options for each product when different business models are used. In the first case, the adjusted subscription fee for each generation of the license is relatively stable through time (see Figure 1 ), hence the price influence can be excluded. In the case of the IM service, customers can access the product for free but they will have to pay if they want to become premium users. However, the price effect is also not considered here, since the price of virtual goods is relatively stable during the studied time period, although the purchasing power of premium users has been increasing. In the last case, the price effect is triggered for post-paid service, as its adoption cost changed significantly during the studied time period.
Third, all three cases uses a service-based offering, which makes customer churn an important element of their business models. In the case of the radio/TV license, the main driver of customer dis-adoption is generational upgrade. Therefore, the effect of customer churn has already been considered above, in the substitutional relationship between adoption options. In the case of the IM service, this study assumes that the churn rate is positively related to the adoption rate, and users who dis-adopt the service become potential users again since the service provider has a monopoly in the market. In the last case, no data regarding customers' dis-adoption behavior is available, therefore, this study considers that users do not dis-adopt during the period of study due to the monopoly and significant role of the product.
Last but not least, the UK population increased nearly 40% during the studied time period of the first case, so the change in the market potential cannot be ignored in the analysis. This study uses the UK population as the indicator of the market potential for simplicity. More specifically, the UK population size in 2011 and in 1931 are 62,110,000 and 46,040,000. This paper assumes that the UK population grows steadily during the 80 years, so the average yearly population growth rate is: √ ⁄ . In the other two cases, the population is relatively stable during the studied time period, so .
More details of the model and parameter settings can be found in Table 3 . The above assumptions were carefully made according to the context of each case. Moreover, those assumptions shall be validated by model fit, as otherwise it should be difficult to obtain reasonable fit to the observed data when the simplified models are applied.
Parameter Estimation Technique
The proposed model is estimated based on all available data. For the first case, this study estimates the parameters with the actual data sets by minimizing function (7), where is the observed market data and ( ) is the corresponding data estimated by the model. For the other two cases, the data on different adoption options have different levels of scale that need to be normalized. Therefore, Equation (8) is introduced, where ̅ is the mean of the observed market 15 data during the studied period. The parameters to be estimated during the model implementation are , , , η, as well as the market potential of each adoption option at time (i.e. ). Here modelers can estimate directly. Or they can estimate the total market potential and the proportion of the adoption options. The two approaches should not influence the accuracy of the results.
The paper introduces a genetic algorithm for the estimation results, as it has a higher probability of reaching the global optimum solution when the targeted model is inherently 
Results and Discussion -Model Fit
The paper reports the estimated parameters in Table 4 and the result of model fit in Table 5 and Figure 2 . The reported results of the suggested model are based on Equation (6) (i.e.
adoption options have respective market potentials), as they fit the observed data better than Equation (5) (i.e. the model with shared market potential). In the case of the UK radio/TV license, Equation (6) is preferred because the relationship between the adoptions options is substitution rather than competition, hence the earlier generations have little advantage in accessing potential customers of the newer ones. In the cases of the IM service and the mobile network service, perhaps the better fit of Equation (6) is due to the adoption options being appropriately defined to target different market niches: the free users of the IM service simply use the service as a communication tool, while the premium users are those hard-core users who are happy to spend money for additional functions; the post-paid subscribers of the mobile network were mostly businesspeople at the beginning and later included other types of heavy users, while the pre-paid version targets price-sensitive users.
------------------------------------INSERT TABLE 4 HERE ------------------------------------------------------------------------INSERT TABLE 5 HERE ------------------------------------------------------------------------INSERT FIGURE 2 HERE ------------------------------------
The current study uses mean absolute error (MAE), mean absolute percentage error (MAPE), and R-squared ( ) as the measures of descriptive performance. It also introduces the original Bass model to fit the curves and report the results as a benchmark (also see Table 5 ).
The following paragraphs summarize the key findings.
First, the suggested model performs well in general, both graphically and statistically. As can be seen in Figure 2 , the proposed model is capable of explaining all the product growth trends as well as the important turning points. The good fit between the observed and estimated market data also validates the assumptions in the parameter settings. However, the model underestimates the growth of color TV license in the last few years, partially because some concessionary factors (e.g. discounts for disabled and senior citizens) introduced during that period are not considered. The model also fails to capture the initial stage of the curves for b/w TV and color TV, resulting in a large MAPE value. This may be because the model does not employ a specific focus on the take-off stage in NPD (Golder and Tellis 1997).
Second, the original Bass model is not functional in the case of UK radio/TV license. This is because the Bass model does not include a function for customer dis-adoption, hence it cannot explain why the number of users decreases after a certain time. In the other two cases, the suggested model outperforms the original Bass model. It is important to note that the suggested model's superior performance is not due to the increased model parameters, but rather to the consideration of the NPD context as defined by the business model. In fact, as three estimated parameters are required for each data set of each case, the Bass model requires nine parameters for each case, which is more than the suggested model (see Table 5 ).
Third, as a homogeneous model for category-level products, the original Bass model has to consider each adoption option as a separate and independent NPD process in order to fit its growth trend. Therefore, its results are in fact problematic. For instance, Figure 3 shows the estimated curves of the Bass model for the mobile network case. Ideally, the sum of the pre-paid and post-paid subscriptions should match the overall subscription number. However here the sum of the two estimated adoption options (i.e. the solid line with round marks in Figure 3 ) does not match the estimated overall subscription (i.e. the solid line in Figure 3 ) -a result that contradicts itself.
------------------------------------INSERT FIGURE 3 HERE ------------------------------------
Last but not least, the reported parameters of the suggested model can provide some useful insights, which are absent from the results of the Bass model. The reported value of in the case of the IM service suggests a negative relationship between the product growth rate and customers' dis-adoption rate; in order words, the popularity of the product plays a significant role not only in attracting new customers, but also in retaining existing users. This finding can be further evidenced by the increasingly slower growth rate of the observed inactive users relative to the observed active users (see Figure 1) . The reported value of parameter in the mobile network case endorses the price effect as a key factor in the fluctuations of the market dynamics. In addition, the paper finds a significant difference between the influence exerted by free and premium users on the premium market in the case of the IM service ( and ), indicating that the product's premium version is promoted more by premium users than by free users. The finding suggests the firm pays more attention to the premium users, as they are not only the main source of profit, but also the key driving force of the new profit source. Also in the case of the mobile network subscription, the reported parameter values of and differ significantly (0.5096 and 6.4246), which indicates that post-paid subscribers are more vulnerable to the network effect than are pre-paid subscribers. The finding also explains why the post-paid subscription reached market saturation in a relatively early stage.
Results and Discussion -Forecasting
One key benefit of diffusion models is to predict market size and growth (Tsai 2013; Qian and Soopramanien 2014) . This study follows the approach of Decker and Gnibba-Yukawa (2010) to report the model's forecasting performance: each data set is divided into the calibration period and the forecasting period, then the data in the calibration periods are used to estimate the model parameters in order to predict the data in the forecasting periods. Note that the analysis of the first case only uses the data points before 1987, because the data between 1987 and 1996 are not available and the results could be skewed by the neglecting of concessionary factors in the last few years, as discussed earlier in the analysis of model fit. The other two cases employ all available data points for the forecasting analysis.
The study predicts the last one, two, and three data points and compares with the observed data (see Table 6 ). In addition to the measure of MAPE, the paper reports the results with median relative absolute error (MdRAE), as it is recommended by Armstrong and Collopy (1992) for forecasting studies. The reported MAPE results in most cases are under 20%. However, the results also report higher MAPE in several cases; for instance, in one data point forecasting the total subscription number in the mobile network case, which indicates a need for further study of the cases and the model for better forecasting performance.
------------------------------------INSERT TABLE 6 HERE ------------------------------------
The study introduces two benchmarks for the comparative results, the original Bass model and the IBM SPSS Expert Modeler (the software package automatically determines the bestfitting ARIMA or exponential smoothing model for the given time-series data), as they are two of the most widely used forecasting techniques for NPD in theory and practice. Table 6 reports the results of the comparison. Unsurprisingly, the suggested model outperforms the Bass model, especially when the forecasting period is long. In particular, the Bass model fails to fit and therefore predict the case of UK radio/TV license, due to its lack of consideration for customer dis-adoption; it also fails to predict the turning point in the case of mobile network service.
Again, note that the superior performance of the suggested model is not due to the increased model parameters.
The SPSS Expert Modeler, on the other hand, provides some unexpected yet interesting findings. When the studied curve is smooth with few fluctuations in the forecasting period (such as the case of UK radio/TV license), the SPSS Expert Modeler, although simple, can produce more reliable results than the Bass model and the suggested model. However, when the forecasting period starts to have unexpected fluctuations (e.g. in the case of IM service), the performance of the SPSS Expert Modelers and those of the Bass-type NPD models quickly approach. Once the smoothness of the forecast NPD curve reduces to a certain level, especially when the turning point is included in the forecast period, the SPSS Expert Modeler loses its value. In fact, by utilizing the growth pattern of post-paid and pre-paid subscription data, the suggested model is the only one among the three that can predict the turning point in the case of mobile network service and produce reasonable forecasting. In addition, ideally a market 21 forecasting model should reflect the reality of the market. Such ability is absent in the simple estimation tools and techniques, including the SPSS Expert Modeler, but is present in the suggested model of this study.
CONCLUDING REMARKS
This study reinterprets and extends prior Bass-type NPD models according to the context of certain business models and examines their validity by using real-life cases. For marketing researchers, this study extends the application of NPD models in today' business context, and it opens a new channel for understanding the relationship between NPD and business models. For marketing practitioners, this study examines Bass-type NPD models as an explanation and forecasting tool for the contexts of today's NPD phenomena, which can be used for market planning and related purposes.
Implications
This paper takes the lead in exploring the capability of Bass-type NPD models to explain and forecast cases in the context of different business models. The empirical results conclude that it is possible to study NPD in the context of business models through Bass-type NPD models, when the models and parameters are interpreted and set accordingly. However, the paper also shows that models could produce contradictory and misleading results in some NPD cases, if appropriate interpretation of and settings for the underlying business models are absent. An example was demonstrated in Figure 3 and its corresponding discussions, showing that the original Bass model and its results for the case can provide little, and even negative, support for managerial decisions. By considering the underlying business model, the suggested model can 22 produce cohesive and more accurate results than the original Bass model in the studied NPD cases.
-
This study also provides some interesting implications based on the model estimation (see Table 7 ). First, while traditional NPD studies have dedicated little effort to differentiating the adoption options of a product offering, the suggested model and its results indicate that the distinction and the inter-influence between the types of adoption option are important, and they encourage future research to further study the distinction and its significance. Access to such information based on the suggested model will allow researchers and firms to better understand the role of each adoption option in the process of NPD. For instance, the results of this study
show that the existing premium users of the IM service play a more important role in driving the market growth of the premium users than the free users do; the results also show the significant difference between pre-paid and post-paid users in driving the market growth of the product in the case of the mobile network service.
Second, this study furthers the understanding of the role of product price in the market growth of new products. The empirical analysis indicates that the price change of one adoption option not only calibrates its own market growth, but also influences the product's other adoption options through their inter-influence (i.e.
( ) in the suggested model), and hence changes the overall market dynamics. It is now common practice for firms to offer multiple adoption options for a product and to set a different price for each option. The suggested model offers a solution that can be used to examine such market growth cases more accurately than the 23 traditional models. For instance, this study shows how the price change influences the number of post-paid users as well as the overall market growth in the mobile network service, which cannot be seen in the previous models.
Third, the adoption options of the studied products tend to target respective market niches, and they contribute to the overall market growth differently. More specifically, the results of the radio/TV license case indicate that most service subscribers were in fact triggered by BBC's early radio service, and then gradually upgraded to b/w and color TV users. In the other two cases, the products' market domination should be mainly credited to the low-cost version of their adoption options, that is, the free version of the IM service and the pre-paid version of the mobile network service. In addition, the suggested model and the three cases demonstrate three forms of customer churn. In the simplest case (i.e. mobile network service) customers are unlikely to disadopt as the product is important and no better replacements or competitors exist in the market.
This paper also give an example of customer dis-adoption due to generation substitution (i.e.
radio/TV license) and provide a case in which the dis-adoption rate is largely influenced by the size of the existing user base (i.e. IM service). In the current stage, this study does not find any single logic that can explain all types of dis-adoption. Therefore, modelers should differentiate the reasons for customer dis-adoption and model them to match the contexts of different cases.
In terms of the models' predictive ability, the results of this study support the ability of the Table 7 )
Future Directions
This study can be enhanced and extended in a number of directions in future research. First, it would be interesting to further explore the potential of the Bass-type models in the context of other products and other business models, which would require a large number of empirical applications to estimate parameters in many different cases. Second, alongside the Bass-type models, the diffusion phenomena can also be explored at a heterogeneous level; for instance, 1947 -1986 1997 -2010 Yearly Data 1968 -1986 1997 -2010 Yearly Data
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